Net intestinal transport of' sodium in vivo, in control and enterotoxin (Clostridium perfringens)-treated rats, was resolved into two unidirectional fluxes, influx from and efflux into the lumen of' the terminal ileum. In rats treated with the toxin, sodium influx remained similar to control values even during fluid and electrolyte loss to the lumen. Net loss of' sodium was shown to be due to nearly a twof'old increase in sodium efflux to the lumen in toxin-treated animals. There was only slight histopathological damage to the mucosa, especially noticeable at the tips of villi.
protein toxin from these extracts have been shown to be capable of' inducing signif'icant transport alterations in the terminal ileum of rats (4) . Previous studies with cholera toxin (5) and staphylococcal enterotoxin (6) have shown that normal absorption of' glucose occurs during outpouring of' fluid and electrolytes due to the action of the toxins. This observation has been interpreted to imply that normal absorptive capacities are functional during these syndromes and therefore net secretion is likely due to toxin-induced increases in serosal to mucosal fluxes. A previous study in this laboratory (4) indicates that normal net glucose absorption does not occur during fluid and electrolyte loss in the terminal ileum due to C. perfringens enterotoxin. By using glucose absorption as procedures were as previously described (4) . Pure toxin was suspended in 1 ml of' glucose Ringer solution (160 erythemal units/ml) and incubated in the terminal ileum 20 min before perfusion. In controls glucose Ringer solution was incubated in place of' the toxin suspension.
Perfusion solution containing '4C-labeled polyethylene glycol as a nonabsorbable marker was prepared as described (4) (J, 2 -J ) In P,'P ln A/A,)
where the symbols have the f'ollowing meanings: J,,', influx of' Na f'rom the intestinal lumen to the blood of' the animal; ,J2, efflux of' Na from the blood to the lumen; J,,' -J, 2, net Na flux; P,,O, total amount of' 22Na in the lumen at the beginning of' the period; P,,, total amount of 22Na in the lumen at the end of the period; A,,, total amount of Na in the lumen at the beginning of' the period; and A, total amount of Na in the lumen at the end of' the period. P.0, Ps, A, and A are calculated from the initial volume and the end volume as well as the concentrations of Na and 22Na
at the beginning and end of the period (usually 15 min).
Since J,' -J,2 = A -Ao, J' can be calculated. Since the net flux is known, JS,2 is also calculated.
Histological sections were taken at the conclusion of an experiment and prepared as described. 
RESULTS
moles cm min Figure 1 shows net sodium transport in seven control and seven toxin-treated animals. Net sodium absorption in controls is significantly reversed to net sodium loss to the lumen in animals exposed to pure toxin in agreement with previous observations (4).
Figures 2 and 3 each show a typical experiment from the control and experimental groups in Fig. 1 , which were resolved into the component unidirectional fluxes. Figure 2 shows influx and efflux of sodium and the net Na transport rate at 15-min intervals during a typical control experiment. It can be seen that the net transport of Na is resolved into two large fluxes moving in opposite directions. Figure 3 shows fluxes in a rat exposed to pure toxin. Unlike controls, the elevated rate of efflux consistently exceeded the simultaneous influx rate, causing a net extrusion of sodium into the lumen throughout the experiment. Table 1 is a numerical tabulation of control and experimental net water, net sodium, and unidirectional sodium fluxes. It can be seen that water transport was reversed from net absorption in control to net secretion in toxin-treated animals. A similar significant reversal can be seen in net sodium transport. Of great importance is the fact that the reversal of net Na (Table 1) . Figure 4 shows a tissue section taken at the conclusion of a perfusion experiment in which the intestine was exposed to pure toxin and in which net secretion of water and sodium occurred throughout the experiment. Compared to effects induced by crude cell-free extract reported earlier (4), essentially normal villus morphology is apparent. However, the columnar epithelium at the tips of villi often appeared to be flattened to low cuboidal in shape and had prominent extrusion zones which were frequently open. Numerous free cells can be seen in the lumen near the villi tips.
DISCUSSION
The mechanism of diarrhea induced by bacterial toxins has been attributed to the enhanced secretory process, not to the inhibited absorptive process in the intestinal epithelium. This contention has been based upon observations that during copious fluid accumulation in the lumen induced by cholera toxin, the sodium efflux was increased, while sodium influx and net glucose absorption remained unchanged (3).
The effect of toxin from C. perfringens is unlike that of cholera in that the toxin inhibited glucose absorption, as revealed in a previous study (4) , although the effect on Na fluxes is similar to those already reported for cholera toxin. The discrepancy between inhibited glucose absorption and unaltered Na influx is acute because it has been well established that Na and glucose are taken up in epithelial cells by coupled transport (1 
